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[0 0 3 3] 

^©MEIg&tt, A*«f INOAM^low «£) NM 
OSh7>^*NMl ^^7tltb, Aijfs##h i g h l//<;WCl#Lfc 

NMOSh7>^^NMUt>^itLt, M?OUT©tfS: 
V S SfUtC^mLT, ffi*jg^OUTCDSJEES:«aR«£EV S S#I{c2#$i±, -e 
<©H, A#M##h igh i 0 wU/<M^T^Ul^t5lS©l| 

NMO S h5>^*NM 1 ©>5f- h £ 1 o w l^MCfg^-T § 3 £ T\ 
A^J##^h igh^Uo w\^#U PMO S h7>^*PMl 

Mfrt>*y\w i )mfc>z>m&-viz, nmos t>7>^^NMii^7tii:« 

[0 0 3 4] 

ZLtUCfcy, *mmWT*iZ, AiJ##©St*>T^»;^lCj: y, PMOSh7 
>>:?x# PMl #*7^ffllfre>*>^M&c^y SSVDD^&tl 
VS S0^<Z>Sii«8isM*l&V^ 
[0 0 3 5] 

0 1 Z^m~?Z>£. PMOSh5>^^PM10KW>i:NMOSh7> 
^^NM 1 © FU>f Ay 7THIS^<Dm^3g^OUTlC^Stl 

S^ilfetC. -f I NV20AiJ«?i:^>A-^ I NV3©M?i: 

JCtRttStlTfey, -OA-* I NV20ffl*TO>f>A-i( I NV30AA 

SB^jciewati'rfey, >a-# i nv2£ i nv3«7U y77n^j^ 

[0 0 3 6] 

■ebt, A^as^-i NizAjjm^-w&ffiznT^&jyrt-* invi com^ 
ssb^ >r i n v 2©ffiijsg^tt2 Ajin^mmmmmmN o r icda 
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[0 0 3 7] 

Ai3^IN©AiJiftJ±VINi)\ VDD-I Vtp I 
U VtpttPMOSh7>^^PM 1 <DLg^mmi±) ^Til^ofc^ ( 
tO) T% ffi^J^OUT(7)ffi^>fs-i-*i±VOUTiiSZ*>±^-5 0 
[0 0 3 8] 

rtiicMLT. tivDDi: v s smizw.mcmmzti> Atim^ztf-hK 

X#£NMOS h7>^^*^^6CMOS^ fC&VM:i£ 
, A^fs-^«J±V IN^VDD-|Vtp I &>TK.m&-t&£.. PMO Sh5> 

DA^, t>WPMOS h7>^^ilNMOS h7>^^SItt, « 
lVSSA©Ht»tlSo NMOSb5>^*», AMftffi^Vt 
n (fc£U VnliNMO S h^yVxfi (DLg^MMB) 5:Ttt)§i:, ^7 

u M®s^tt> A*##«m^> vDD-i vtp uvt ncoratcfe^mra 
, «lvDD^e>vs s^M«^^§stiSc -rfcfo-fc, cmos^>a-^a 

©A*fi##h igh^l owAl^LfJi:, *©St^±*«yB8i&«rWtt, 
[0 0 3 9] 

ZLtf>«fce>lC, #3§BJ!fc^ AMf © h i g h ^ ?) 1 o w a©J|^^ P, ffiM^ 
©lowA^hig hs\<DfcMMMB$mt pLHt CMO S -f # <fc U =fo 

[0 0 4 0] 

CMO S^f yA — # JCfeVNTli, PMOS h5>^^fcNMOS 
IT, *#g^fC33VATtt, A^J^^-I Nfre>#*.S>f- hA^il btH 

tM&<d pmo s 7.%<b>f- h<DmAfc:vx*$>$> a <iyn- 
^iNViit no r l ^XJiir&m^*i'Efo-tz>f-tb<n*>o>T*& <> PMOS 
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ffitmWl't&bWk^lLto. >f>A'-^INVl©If©t^Xit PMOS 

h^yvx* pmi tit^x/^ <ri-», z.(Dfe®>, a;M^-i N^e^/ts 
x z> £ Hx*& *; , A;frfB-3©3#©«jfrft ic*^ l t v^ & . 

[0 0 4 1 ] 

03 11 ^ftWOJSKOlglftMKlfeW&A^TiaBKOA^jjB^ (IN) y\(0 

A^fttM? (out) #e><z> ws:«^»jc^ , r*>r s 

N) izm&Ztl&Ajjm-%<D&*>T1) u Jfrio. Ay7 7 0BKO(ft^»-f- (OUT 
) ®{iSMf©^l^^T'©eiIE^Wt pLHH ititOCMO S-f > 

a-# j: v%mm&tix^& a ^n^Wc&vMTii, A;frM#tf>3*>±#uffi;fr 

W^W^tCfelWrit pHLIt \SM l©'f>A*-^ I N 
VU =gJta»a3FlIia»N O R 1 ®3B£l$iaMh If©CMOS>f>;t-^j:yt 

[0 0 4 2] 

@4«, 01 izm l r^mm^m i ®»©»f^ & stw-r s 

fe»©^>f^>^ft-M'S5. EUIc&vm:, I NiiBi ©A:fcS§H\ Ate 
PMOS h7>^^PMl©^'-h, B &>f >A-* I N V 1 0&±J (NOR 
IfflilAA) , CttNMO S VyZsVTsXNM 1 <Z)>5f- K D«PMOSh7 
>^^PMl©KU>f>i:NMOSh7>^^NMl©Fl/>f >©8i&j6U 
Ete-f >A-* I NV2<Dffl:fr (NOR10f CD 7 - Kc7)#-St«T*& 

[0 0 4 3] 

# I nv l (DMMftmftmMlsX 1 o wi//<;wc;£*>T#»J> z<D£g. y-K 
Dtthigh^, ;-KEttlowW?S6fe«), 3?^3&3I?Dlir8&N O 
Rl©ffi*7?3!»S;-KCH 1 o w 1/^^P> h i g h 7 
- KC©3"fe±#y SrSW-T, 7- KC h*J±£ LTA7Jf£NM 
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VSS«t:Ml, ;-KD(ilowl//<MCl^tS 0 NMOSh7>i/*X^l 
NM 1 lZ*ytf;Mfrt>*yKty i )mfc>Z>£.£lZ, PMO S PM 1 <D 

>f- h (/-FA) ICtth i g h l^;b7WAD3;ftT£U, PMOSh7>^ 
# PM 1 7#US££*lT&U, IIVDDA^W S S^cDWM^M 

[0 0 4 4] 

J - FD£U owl/^l/i:l#t^il, -Y yA-# I NV2<Z)ffi7J>>- FT*& 
[0 0 4 5] 

AtSNMOS h7>^^NMlli*7t«. 3 <Dm% A7J##}i h i 

g h VOltLZftX&V. PMOSh5>^fPMltt*7JKffii;3*l5. P 
MO S PM 1 li, Ai7#-5f I N#h i g hfrb 1 ow 

[0 0 4 6] 

>f>;t-^ INV2tINV.3^?)4S7 I J^7'7n^ J - FD<DWiM 

*^ouT#w^>if-#>x^0jra (T of f ) <Dm. 

1 o wl//^;i/i:$tlS-f INV3tt, V TtlfS&OffiTJ^^O UT £ 

$:«bT, Ay ^rEKaffl^aS^OUT*: 1 o wV^ttS J: 3 lCf£Mt-5 
„ >f >A-# I NV3&CMOS->f <fc*J&*J, #*L<tt, ffflNMO 

S # ©If- >f %\%, ;^y7708S^Mt^NMO S b57^7^NM 

1 £&'<T/b£.-£tlZ>o ^>y77»PMO S h^>^7;# PM 1 tNMO S 
h^>^**NMl#£%;fC:tf--7£:&£lTO (T Q f f ) fC, ftTJ^ (OUT 

) (Dfcftm^m&tf i o w us<;\s (voLgr, ^^vNtt^^iSja) -e&£#, 

^ttdmmm&V S SSCSiLTVN&^#lt?\ 1 o wIy/<;i/£ffi73l,TV^-f >A 
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-*INV3te, mjl&¥ (OUT) ©|f}^i#«ffiS:SliffiVS S{R!UCa£*> 
[0 0 4 7] 

£*>ic, fflMfOUT {J — K D ) ©h i g h bK;i//v©5i*>±^U^#A>gg 
^$4x^)o 3<Di:#y-KE«, iowi/^;i/icMU y-KBtthighi/ 
^;t/^^ti, ^^saiHisSNOR i ^ffi^j-zr^^y - Kcti, fffl^iow 

l/^;i/^$tl^„ NMOSh7>^3lNMllit7^It$tl5. 
[0 0 4 8] 

? (IN) CATJStlS^ n y ^#^tf>h i g h l/^bj^ 1 owl//<;i/A©fi 

(IN) iCA;d3*l£^n y ^-^(D-T^-^-'f i&£ 1 : 1 (50%) thX^ 
ZOimmWlZlS^T, 7 U v ViB^ftT^-TJ tti* l : lt^<TtJ: 

J ?)\, (t CK) 

[0 0 4 9] 

(DMMMiZiS^X. NMO S h7>^'^^NM 1 (h>f— MCJi, AM^IN© 
AJim-^tf^Ot £A*$*X, PMOSh7>^^PMl©^-hlC!l -r> 
A- $ I NV 1, ^f&^EIi&N AND 1 J; »J ^-SM^tlIS&0ai*m#^AiJ 

$ti^^ii$nTVN^, 0 mmmmmxiz. A^^^T^jtc^i-s/'w 
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[0 0 5 0] 

VDDlCV-X^l^^tlfePMO s h^yVT.* PM 1 v-x*M£&$l« 
mv S SiC^M^tlfeNMO S h7>^X^NM 1 £it;L. PMO S h^>^X 
# PM 1 © KIM >£NMO S h5>^^NM10 Kl/-f>©ti; - F£, 
Ay :7T®&©ffi7J$^OUT£ U NMOSh7>^3(NMlH tyfaAy 
:7Ttai&tf>A;W^l mc^f- htfg^tiT&y. ATJ^tf l o w VK)\,(D 
ng*yyiM£2ft. A*i^tJ±* ? ±#b, NMosh7>^^NMi<Db 

£^#«£tV t n$Iifettt>lt, Ay :7TEf&©ffi;M^OUT££fc« 
[0 0 5 1] 

Ay 7 7[fl(^©AiJ^I PMOS h7>^^PM10^f- h©^(C 

te. -f>^-^INVlt, ^M^ISi&NAND 1 t.frb&Z>m$&tfnA2 

tiTJsu, pmo s h7>^x^PM i <d¥- hizetmznzm^oy*-! ^ 

[0 0 5 2] 

Z.<DmWmmZ. ATJi^I N<Z>A7>ft##h i g h U"<;i/<Z)£:#, PMOS 
PMl £;T7#;Jtt*£:U A7Jfs##l owl/^;Wc2#lfef^ 
PMOSh^>^X#PMl ^t>^lillT{tiMfOUT5:VDDffil3S 
LT h i g h U<<;i£ U ^CD^, PMO S h ^ > V7> % PM 1 ©>f- h £ h i 
g h l/^WCigJt-tS^-e, AAHf^low^f)highAl^l, NMO 
S t>7>^3!NM 1 7 ^ ^ > A^U y f ^ «f ( ^T' PMO S h=yyV 
7.$ PM 1 \$Jr7y<M\ZUfct\Z><, 3*UC£*;, NMOSh7>^^NMl^ 

yfytf;M£tez>£g. «IVDD^f>, PMOSh7>^^PMi, nmos 

h7>i>'73!NM i ^Lxmmv s sM^^&tmM^teSfEti&v^ 

[0 0 5 3] 

III 5 £#01" £ PMOS PMUNMOS h^>^*#NM 

1 © AJJ £&jjtf5.^Kmffi£nt~-i y/i-Z I NV2, 

INV3j:tJftS7U ?»7"7Dy7"SiA, A±f^ I N & A7J £ ^5 >f > A- 
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* i n v i com**:, -iyn-z i n v 2©ffl*j8^-j±2 K±(D^%mw^m% 
nor i <DAtiffi*izmMztiT&*). ^mwimmm^NAND lcom^asB^ 

PMO S PM 1 ©y- MCg£M£*lTV^ 0 

[0 0 54] 

EI 7 &, HI 5 {c^b£##g01cofg 2 ©HffiMoSft^&Si^i-s fe«>©aTf fes 
„ B[7tCfcV>T, I Nte®5©A;*7$gH\ AttPMOS h7>^^PMl©^ 
-K B tt>f I N V 1 COffiiJ (NANDlffl^Ui?) , CttNMOS 

h7>^^NM 1 C0>f- K D ft PMO s h^y*/*$ PM l©FU'f>i:N 
MOS b^y&XXNMKD KU>f >CDg»£L Ett-f INV20Dffiij 

(N AND 1 2 A*) C0 7 - KC0f§ -£&So 
[0 0 5 5] 

EI 7 C0# ^>^'T 0 IC^3VNT> A#M#C0£ft>_E:#UB^ NMOSh5>^ 
X^NMl^t^btlBiJSfOUT (y-FD) Uowl/^tn. ^C0 
-f INV2®ffi*;-KEIihi gh 2*1-5. 

[0 0 5 6] 

3f^^n () hT 1 CDia©^>f ^ A IC^V>T, A^-7TIHH&C0A^^ 

? (IN) IC^StlSAA-fS-^CDit^T^yi^lC, >f I NV 1 com^j 

#1 owMW&h i g h UKjl , ^il«@^NAND 1 CO 2 A7j 

(7 - KB, E) ^iltilChighU^il&Sfcib, ^iliHI^NAND 
1 ©ffi^jtf*>Sy - KCtt 1 owb/<;WCl#L, PMOS h7>^fPMl 

ZJ-yHLT. ffiijjgfouT (;-FD) ^highu^i:t§ 0 ffi^ag^ 

OUTCOhigh l/^;i/^\C03l#lca: y, I N V 2 (Cffi^jTffeS 7 - 

FEttlowL/^HClit^. ;-KB©f#tE (highl/^) il 7 - 
KEC0M#«JE (low^) SSWt, ^ilWNANDlit ^C0 
ffi^feS; - KC&high l/^;WC2#£i*, 4*- h#h i g h 
tlfePMOSb7>^X^PMUit7tii:&5. ^co££. a^inu 
low NMO S h5>^^NM 1 ^ PMO S h^y^X* 

pm l #£=kiC5j-7£;&£ 0 

[0 0 5 7] 
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©ffi^sB^ouT^w^ y¥-#yxvtm<nwm (T of f ) ©isu tomtim 

UT$:SSU highb^tt6J:^i:#ffltS. -f > A*- * I N V 3 tt, 
CMOS-f >A-# J: *J&££\ fOPMO S h^>^^*©i^-f A>y7 
7i»S:ijSt5 PMO S h7>^^PM 1 £Jfc/<T/h£3*lS (ttffig&S&fig 

[0 0 5 8] 

A V 7 T ®5&CD PMO S h7>^^PM 1 tNMOS h5>^^NM 1 # 

fcfcicrt-^tJ&sjBig (H7®T of f ) ic, ffi^ag^- (out) ©m^m-^« 

jEh (7- KDCOmffi) #h i g h l^;i< (VOHJ^Ji ; VOHJJffi7j«J±H I G 
H) X*$>Z>t>\ V^^magSJEDDlCjtUTVN&V^-a-, hi ghl/^l/l:iBij 
t5>f>^-^INV3(Cj:ot, ffi**^ (OUT) <Z)m#fB#mffi 
JEVDDWC&ISiltfSo 
[0 0 5 9] 

H7©^^^>yT 1 icfc^T, A*#-^ iN^high U^;wc3g#-f 
, NMOSh7>^^NMlW>l, -tORS, PMOSh5>^^PMl 

Avyrm^cDKts^ (IN) K:A*S*iS^ny^M#©T r 3.-'5 L -f JtS: 1 

: 1 (5 0%) i:btV^|»^ ZKZ)HS6MlCfeVNT, V m^^T J 

[0 0 6 0] 

yyrmmi 0 Ai:, jK<EA v 7 7 1 0 B &JKlffl&JBfC&jtt bfc 'J 
[0 0 6 1] 
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RWi»J7 7m9tl 0 Att. IH1 5:#i§bT^lfeIl <DW&M<DX*j 77 

«-^©Scfe±««»;a)3lffii*ra«:««lbTv^s 0 g«;ty77i»iOBa:, HI 5 
£#M U TM U fem 2 ©HJg$f<Z> A */ 7 t HJS& £ IH-(Z>#/& S 4xT £ U , M 

«/t v ~? y ms& i o a cd ffi*^5#©3i^_h*« y ^ e> m?ou t © ktj^co 

[0 0 6 2] 

#*»*#J*tCJ:y, A77^I N60A7Jfs#©5it>T^y^^ffi*^OUT 
[0 0 6 3] 

7 7HIS&1 0 ASfii^y ^riami OBfflftglCliifbfei^ S«/t^77 
0SS1 OB75\ Aij^I NC0A7J^#603i*>±^y^^m7J^#C05i^T^y 
*T?©£«5iffil$ia&M*8U £KAy770»l 0 AT?£«Ay v 7U% 1 0 

BcffiTj^-fofi^T^ y a* e> ffiij^o u t ©m*fs-§-tf> &*>jh# y * -eco-e 
<m-*>±# y * T*<Dtemmmmm zmm l t v% s „ 

[0 0 6 4] 

«©i^S:^tH-e&5. HI, &J>'0 5 [C^ L PMOS 
h7>^'X^NMO S h^>$;^4f *^%tC*7i:^SSBISIT 0 f f > 7 
TlSKOffi^jg-T-OUTS:, aiM?OUT©St50iIU^il/T'^5 1 o w 1/ 
Kjl/ifdihigh l^;i/£-rs^iJ >y77n«y7 (INV2, I N V 3) fcis: 
ItSIfc T% A >y77 H»©ffi AfiB^O U T #i*>f > tf- H & o £ 

UT^>lf-^>^iT'feSl^T 0 f f ^Jt«!WMv>»^JCtt, HI, 
H5^tC^bfe>r yrt-# INV2, INV3±y«!S7'J -y77D>y7lflS 
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PMO S h7>^^PM 1 <D¥- MiA;M^I NlzmmZftT&V. NMO 

#-r£>f I NV 1 A*^I Ntf>A;W-^£A#LT5S3££ 

i±Tm*t--5ig®iai^l 0 0©m^7i:$:A*i:t-S^^fD!lIS&NOR 1 ©ft 

[0 0 6 5] 

cD-fg-^tf) low i^;v^£> h i g h i^^;i/^\©^^>_h^U3§#tt, 03 izmlsfc 

[0 0 6 6] 

©HSgMtc^T, A^j^ I N<DA^m^<D l o w h i g h 

^\tf):£*>±#^JB# (T Q ) , Zl<Z)AiJ#^©^5:^^T, >f>A-*INVl 

ffli^^fc'l owl/^H'feSfeft (y-KE{Cli, high l/^Jl/fflff ^ 
ffi;fr£*iTVN;&vO , 7 - KE (D 1 o w l^;b£A;frLT v^^HJSftJtai&N 
ORlit ;-FB0 1 owl//<;i/ACDlf 7 - KC£ 

h i g h WOUZmtZ'£Z>° ;-KC^highUK;i/t&5t, NMOSh 

[0 0 6 7] 

A^f^I N^^©A*M#5:A^-r-2>«@lHlS&l OOlt SA#fS#tf>£l5> 
±#»J £B#IS9t d l#ii®3-£T, 5SM «EJi& 1 0 0 (D£±}%& 

?t$>^;- FElCtfi;frU J - FE01 owKil/^^h i g h 1/^;1//\<Da£ 
1=>i:#Utf)^#£:^ttT, ^3£il3IfrJ[I!S&NOR Hi, f - KC 

&h i g hl/K^?) 1 o wl/K;WC^ft$tS. r©^^, NMOSh5>^ 
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X#NM 1 IW7t Z<Z>££, AMlF I N(Z)f f }J high U 
, PMOSh7>^X^PMltNMOSb7>i;x^NMl(t £&lZ*yft 

mtftz (mi o(DmmT 0 f f „ 

[0 0 6 8] 

o^5v>T, EI 1 0 (D*4 $ yfT A &C£VNT, Ailff IN^highW 
^P,low^;i/|Clf U PMOSh7>^7^PMl^>^lil4y, ffi 
^SfiH^OUTlih i g h 5. Jg^taS&l 0 OffllWI^ISt 

S^i:T% «gr^T 0 f f S:i^i:t5z:i:t, a5M?OUT^r41-f> 
tf - # y x ^ffi fc & o fc £ $ tc, fi M © Iftli tc gg^ b T < l^ffl i: $ ft 

A»y ^TlSM&tOffi^jSg^OUTK:, 2o®>f>;t-^ (INV2, INV3) J: 
^5 7 U »;^7D <y^?:iibT% <fcv^ h £ 0 01O7?tt 

, %y^fT Q hT 1 <DmzlB^XAv 7Tm&<DAiim* (IN) ICA73£ 
ft£? n y^ffOh igh UKjlfrb low W^^^s^il^T^y^^^^-f 
^>^&T A T*^b, rty yrm^t<DKti^ (IN) tCATJ^ft 

£*ny*#-Jf ©7=3.-7^ its i : i (5 0%) fcbrv^tf, r<Z)HifcWc 

o 

[0 0 6 9] 

09ic^vat> iE0^ i o o it. wjazmi uzvk-t&ytemmmmji-y' 

(DLL : Delay Locked Loop) ~em& b T <fc Vn„ 1"&;bl3. A^fff-^S: A 

TjbTM^LTffiTJb, ii®^ra^BriEi:3ftS3i®iir»i o 1 sg@ig}&i 
. i: &m&mm® 1 o 2 ©tttajestcas^ts, «jSEia» 1 0 1 amm^m 

[0 0 7 0] 

&S#n v#if>f *;i/(&A:frfe#©5£^±#*;xy ^^M^ia^l Olttd 
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i o z-zmkovj * ;i/<z>fg#©:£t>_t#»; v u^y* i o 3 

[0 0 7 1] 

A^iB^I NlCA:fr<**lS#* (VUv?) i>\ MltCKCDfa-r-f 5 0 
%©^D^if©i^ ^-f W ^UAl 0 3CDW^5:t d 2 hi&tL 

rvx^^-a-, 5i§jMs& i o i ommftm t d i tdi = tcK-td2t^ 

ft, ^-7«!raT 0 f f Its T 0 f f = t d 2 - t CK/2 £$ft£„ *7MmT 

0 f f 0>j|M#icXo-£, t-V i/>f i/^'JA©i®^t d 2 ssgtsit-e 

KC#1 owHJl/^U A^J^I NODSt^T^UlCj: U PMO S hr/>^ 
* PM 1 •&*yt&t.g* NMO Sb5>^*NMl lit.*? ££ft£ 0 
[0 0 7 2] 

r<Z>H»BC£V^, 5S®En» 1 0 0 tt, D L L |0»{C|S^3 tlS 

1 <Dmmm9&F}*mfiisX^z> * u v ? rfjixtfmmm&zifrLxm 2 <dmm® 
toWizmmzn. m 2 ammmmmitm 1 ©MMimg&^^faic^^s^ 

[0 0 7 3] 

(feSWil/S?**) FF1MFF12^, ^D*^©fi^±*tyxyj;Sft 

otf- * tr-v-yffr-r&m&t. 2ft> ^n*^yj -C4 ©<z>>f > A- 

ASnSH^, INV101, INV103~INV105tt, H5lC^bfeS 
S^^7 7l*i*an, INV102. INV106~INV1 17tt, @1IC 

[0 0 7 4] 

«CJC*»W©*Jfe#|JC««^ V ~J ~? Hl% V^ i' D l V 7 >"J - A V ~7 Y <©ffi 
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A yA-~9 I N V 1 0 1, INV10 2IC, ilS© CM O S -f y A- $ ft ^ 
SK^^ 7 7 $:M^^^-^<7)j§^^?^f (transient analysis) 0)y*=LV-y 
3>^©AWI N 1 iifflMfDOUT 1 $:m-rilI-e$)-g>o 012 
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